OBJECTIVE-Mutations in the hepatocyte nuclear factor (HNF)-1␣, HNF-4␣, glucokinase (GCK), and HNF-1␤ genes cause maturity-onset diabetes of the young (MODY), but it is not known whether common variants in these genes predict future type 2 diabetes.
T ype 2 diabetes is a late-onset polygenic disease in which the westernized environment interacts with genetic factors to manifest the disease. More than 180 million people are reported to suffer from type 2 diabetes, with an estimated doubling within the next 15 years (1). The polygenic nature of type 2 diabetes has made the search for disease genes difficult, and the successful identification of genes causing monogenic forms of the disease, i.e., maturity-onset diabetes of the young (MODY), has been difficult to translate into type 2 diabetes with a few exceptions like peroxisome proliferator-activated receptor (PPAR) G, KCNJ11, CAPN10, and transcription factor 7L2 (TCF7L2) (2) (3) (4) (5) . This situation dramatically changed in 2007 with the discovery of a number of novel type 2 diabetes genes using whole-genome association studies (6 -9) .
MODY is an autosomal dominant form of type 2 diabetes characterized by early onset and a defect in the ␤-cells (10) . Mutations in six genes, five of which encode for TCFs, cause MODY (11) (12) (13) (14) (15) (16) (17) . It has been speculated that common variation in the MODY genes also could increase risk of late-onset type 2 diabetes. In support of this view, mutations in the genes encoding for PPARG and KCNJ11 have been shown to cause rare early-onset forms of diabetes, whereas polymorphisms in these genes increase the risk for late-onset type 2 diabetes (2, 5) .
Hepatocyte nuclear factor-1␣ (HNF-1␣; also known as TCF1) is a TCF part of a complex regulatory network that regulates a number of ␤-cell-and liver-specific genes. Common variations in this gene have been associated with impaired insulin secretion (18, 19) , and recently, we showed that the I27L and A98V polymorphisms in the MODY3 gene (TCF1) are associated with increased risk of type 2 diabetes in overweight individuals (19) .
HNF-4␣ (also known as TCF14) is part of a complex regulatory network in the liver and pancreas (20) important for glucose homeostasis (21) . An interaction between HNF-4␣ and peroxisome proliferator-activated receptor-␥ coactivator-1␣ (PGC-1␣) is a prerequisite for induction of the gluconeogenesis genes phosphoenolpyruvate carboxykinase 1 (PCK-1) and glucose-6-phosphatase (G6Pase) (22) . HNF-4␣ is under regulation of two promoters: the liver-specific P1 promoter and the P2 promoter that mainly regulates transcription in the pancreatic ␤-cells. HNF-4␣ is located on chromosome 20q12-q13.1, which has shown suggestive linkage to type 2 diabetes (23) . Also, several polymorphisms in the ␤-cell-specific HNF-4a P2 promoter have recently been associated with type 2 diabetes (24,25); however, results from replication studies have been inconclusive (26 -30) .
Heterozygous mutations in the glucokinase (GCK) gene, located on chromosome 7p15-p13, are known to cause MODY2 (15) , and linkage to early-onset type 2 diabetes has been described to this region (12, 31) . MODY2 is characterized by a lifelong mild fasting hyperglycemia due to reduced glucose sensing in the ␤-cell (32). The Ϫ30G/A polymorphism in the GCK gene ␤-cell promoter has been associated with increased fasting plasma glucose (fPG) (33, 34) and reduced ␤-cell function (35) . In addition, it has been shown to affect birth weight (36) . Even though the Ϫ30G/A polymorphism has been associated with diabetesrelated traits, its contribution to type 2 diabetes is less well known. However, in a recent meta-analysis, it was shown to have a modest but significant effect on type 2 diabetes risk (37) .
The MODY5-causing gene, HNF-1␤ (also known as TCF2), is located on chromosome 17cen-q21.3, a region that also has been linked to type 2 diabetes (38) . Although HNF-1␤ is important for the development of the pancreas, mutations in HNF-1␤ show other more characteristic phenotypes like cystic kidney disease, liver dysfunction, and abnormal urogenital tract development (39 -41) . Recently, polymorphisms in HNF-1␤ were reported to be associated with type 2 diabetes in Caucasians (30, 37, 42) .
A common problem with case-control studies is that case and control subjects have been ascertained differently, i.e., case subjects are selected from diabetes clinics, whereas control subjects often have not been thoroughly screened for the presence of diabetes. One way to circumvent this problem is to study whether a genetic variant predicts future type 2 diabetes in a longitudinal study where all individuals have undergone the same measurements to identify the disease.
The aim of this study was to test whether common variants in the HNF-1␣, HNF-4␣, HNF-1␤, and GCK genes that previously have been associated with type 2 diabetes (24,25,30,33-35,37) in Caucasians could predict future type 2 diabetes in two large prospective studies and whether they influence intermediate traits.
RESEARCH DESIGN AND METHODS
Botnia study subjects. The future risk of developing type 2 diabetes and change in type 2 diabetes-related trait changes was evaluated in 2,293 (1,051 men/1,242 women) individuals from the Botnia study (43) followed for a median period of 6 years (Table 1) . Of these subjects, 132 (67 men/65 women) developed type 2 diabetes, and 212 subjects developed impaired fasting glucose (IFG) or impaired glucose tolerance (IGT) (44) . The Botnia study is a family-based study aimed at the identification of genes increasing susceptibility to type 2 diabetes and was initiated in 1990 in western Finland (43) . Nondiabetic subjects, either family members of type 2 diabetic patients or control subjects or spouses without family history of type 2 diabetes aged between 18 and 70 years, were invited to prospective visits every 2-3 years. Subjects with clinically verified type 1 diabetes or genetically verified MODY were excluded from the study. Malmö Preventive Project subjects. The risk of developing type 2 diabetes was also evaluated in 15,538 individuals (10,173 men/5,365 women) from the Malmö Preventive Project (MPP) study with a median follow-up of 22.8 years. Of them 1,872 individuals (1,465 men/407 women) developed type 2 diabetes during follow-up. Diabetes diagnosis was based on clinical diagnosis or measurements of fPG during re-examination (Ն7.0 mmol/l). The MPP study was initiated in 1974 as a health screening of citizens in the city of Malmö , Sweden (45) .
A subgroup of 203 men who had IGT at baseline in the MPP study were randomly selected to participate 20 years later in more extensive metabolic studies, including a new oral glucose tolerance test (OGTT), a euglycemichyperinsulinemic clamp combined with indirect calorimetry, and infusion of [3- 3 H]-glucose to obtain estimates of glucose metabolism and substrate oxidation (46, 47) . The men had similar age (66 Ϯ 2 years) but varying degree of glucose tolerance; 69 had normal glucose tolerance, 52 had IFG and/or IGT, and 82 had type 2 diabetes. Type 2 diabetic patients were treated either with diet alone (42%) or with oral hypoglycemic agents, which were withheld the day before the test.
All subjects gave their informed consent to the study, which was approved by local ethics committees. Measurements. The participants' weight, height, waist and hip circumference, fat-free mass (Botnia study and clamp protocol), and blood pressure were measured as previously reported (43) . In the MPP cohort at baseline, blood samples were drawn at 0, 40, and 120 min of the 75-g OGTT for measurements of blood glucose and serum insulin concentrations, whereas fasting samples were drawn at the follow-up visit for measurement of plasma glucose and lipid concentrations using standard techniques. In the Botnia study, blood samples were drawn at Ϫ10, 0, 30, 60, and 120 min of the OGTT for measurement of plasma glucose and serum insulin concentrations. Insulin resistance was estimated according to the homeostasis model assessment (HOMA) index as the product of fasting glucose (millimoles per liter) and insulin (milliunits per liter) divided by the constant 22.5. ␤-Cell function was estimated as insulinogenic index, I/G30 (or I/G40 in MPP) (insulin 30 min Ϫ fasting insulin/glucose 30 min), and disposition index (I/G30/HOMA), which is a measure of ␤-cell function corrected for insulin resistance. Whole-body insulin sensitivity and basal hepatic endogenous glucose production (EGP) in the subgroup of 203 men was measured by a standard 2-h euglycemichyperinsulinemic clamp combined with infusion of [3-3 H]glucose and indirect calorimetry (47) . Genotyping. Fourteen polymorphisms previously associated with type 2 diabetes were selected for genotyping (7, 9, 30, 37) . The Botnia prospective cohort was genotyped using the allelic discrimination technique (Applied Biosystems, Foster City, CA) on an Applied Biosystems 7900HT instrument using the standard protocol (PCR primers and discrimination probes, which are detailed in online appendix 1 [available at http://dx.doi.org/10.2337/db06-1464]). The MPP cohort was genotyped by primer extension of multiplex products with detection by matrix-assisted laser desorption/ionization timeof-flight mass spectrometry using the iPLEX protocol on a Sequenom platform (Sequenom, San Diego, CA). Genotyping success rate Ͼ98%; Hardy-Weinberg equilibrium (P Ͼ 0.05), with an error-rate Ͻ1% determined from Ͼ7% re-genotyping. rs757210 and rs1008284 failed Applied Biosystems Taqman assay design and were not genotyped in the Botnia prospective cohort. rs2144908 and rs1884614 failed genotyping in MPP. rs757210 is tri-allelic and was analyzed as T allele carriers versus CϩG allele carriers (genotype counts are given in online appendix 3). To determine the genetic model, the SNPs were analyzed using the program MODEL, and the best-fitting model was used for our calculations (Table 2) . Power was estimated to ϳ65% for hazard ratio (HR) 1.2 and an allele frequency of 20% in MPP. Statistical analyses. Baseline levels and rate change of phenotype residuals between different genotype carriers in the Botnia study and MPP were calculated using multiple and linear regression analyses adjusted for age at visit, BMI, sex, and family history of type 2 diabetes. Genotypes were scored as 0, 1, or 2 depending on how many copies of the rare allele each individual carried. SEs were adjusted for repeated measurements from the same individual by the general estimation equation (GEE) method (48, 49) . The GEE model was used because the repeated phenotype measurements were obtained at different time points in different subjects. Phenotypic data from each visit except the visit of diagnosis for the converters and all but the last visit for the nonconverters were used in the analysis. This was necessary to avoid the confounding effect of overt hyperglycemia on ␤-cell function, because we did not have measurements immediately before onset of diabetes.
The Cox proportional hazards model was used to estimate relative genotype and phenotype effect on the risk of developing type 2 diabetes. Data were treated as left truncated and right censored using entry data as covariates. Data were left truncated because individuals enter the study at different ages. Survival analyses were stratified for sex and adjusted for family history of diabetes and BMI (50) . A robust variance estimate was used to adjust for within-pedigree dependence, treating each pedigree as an independent entity when calculating the variance of the estimates. Individuals with missing data for any of the covariates were excluded from the analyses.
Analyses in the 203 men from the MPP study (47) were adjusted for age, BMI, and level of glucose tolerance, which was dichotomized to glucose tolerant or nonglucose tolerant.
Normally distributed continuous variables of in vivo measurements are presented as mean Ϯ SD, whereas non-normally distributed data were logarithmically transformed before analysis. Genetic models for these SNPs were evaluated in the two prospective cohorts using the program MODEL (http://pngu.mgh.harvard.edu/ϳpurcell/model/model.html). Power calculations were performed using asymptotic normality of the estimates. A twotailed P value of Ͻ0.05 was considered statistically significant, and nominal P values for regression analysis, GEE, and Cox proportional hazards model are presented. Multiple testing was not performed. All statistical analyses were performed using STATA (StataCorp) and/or Number Cruncher Statistical Systems (version 2000; NCSS, Kaysville, UT).
RESULTS

Genotype frequencies. Fourteen SNPs in HNF-1␣, HNF-4␣, HNF-1␤
, and GCK were genotyped in 2,293 plus 15,538 individuals from two prospective cohorts. Allele frequencies were in concordance with previously published results and in Hardy-Weinberg equilibrium (Table 2) . Also, DЈ and r 2 values were in the same range as previously reported (online appendix 2). P2 promoter SNPs, a recessive model was used because this fitted our data the best (P ϭ 0.01). This observation is in contrast to the genetic model used in Bonnycastle et al. (30) , where a multiplicative model was used. §DNA sequence assay design was impracticable for the Applied Biosystems 7900HT
system. ‡Tri-allelic 2 degrees of freedom (df) in HWE test and analyzed as T versus C ϩ G in our analyses. †Genotypes did not pass our quality criteria, making a combined analysis impracticable. HWE, Hardy-Weinberg equilibrium; MAF, minor allele frequency; SNP, single nucleotide polymorphism. Table 2) . Consequently, the homozygous CC (rs4810424), TT (rs1884614), and AA (rs2144908) genotypes in the HNF-4␣ P2 promoter were associated with a modestly increased risk of future type 2 diabetes in the Botnia study with HR 1.9 (95% CI 1.0 -3.5) (P ϭ 0.04), 1.9 (1.0 -3.4) (P ϭ 0.04), and 1.8 (1.0 -3.3) (P ϭ 0.06) ( Table 2) .
HNF-1␣.
We also assessed whether the same genotypes in HNF-4␣ would influence glucose and insulin concentrations and measures of insulin secretion and action over time in the Botnia study.
Individuals with the rs2144908 AA risk genotype had higher 2-h glucose levels at the last visit compared with individuals with the GG/GA genotypes (6.3 Ϯ 0.2 vs. 5.9 Ϯ 0.04 mmol/l, P ϭ 0.03). Using a GEE adjusted for age, BMI, sex, and family clustering, we observed an increase over time in measures of insulin resistance (HOMA-IR) (P ϭ 0.003) in individuals with the rs2144908 AA compared with individuals with the nonrisk GG/GA genotypes. Also, in carriers of CC (rs4810424) and TT (rs1884614) genotypes of the HNF-4␣ gene, fasting insulin (P ϭ 0.02), 30-min insulin (P ϭ 0.02), I/G30 (P ϭ 0.01), and HOMA-IR (P ϭ 0.01) increased over time, suggesting worsening of insulin resistance. In contrast, there was no deterioration of insulin secretion measured as disposition index (P Ͼ 0.8) in carriers of these genotypes (online appendix 4).
In the MPP cohort, 1,872 of the 15,538 individuals converted to type 2 diabetes during a median follow-up of 24.5 years. None of the SNPs that predicted type 2 diabetes in the Botnia cohort predicted type 2 diabetes on their own in the MPP study (rs4810424, HR 1.2 [95% CI 1.0 -1.6], P ϭ 0.1; rs6103716, 1.0 [0.9 -1.2], P ϭ 0.6; rs2425637, 1.0 [0.9 -1.1], P ϭ 0.9; and rs3212198, 1.1 [1.0 -1.2], P ϭ 0.1) ( Table 2) .
Homozygous CC (rs4810424) and CC/CT genotypes (rs3212198) predicted future type 2 diabetes in the combined cohorts with HR 1.3 (1.0 -1.6), P ϭ 0.03, and 1.1 (1.0 -1.2), P ϭ 0.04, respectively.
We also assessed whether the P2 promoter polymorphisms influenced hepatic (EGP) and peripheral (insulinstimulated glucose uptake) insulin sensitivity in the subgroup of 203 men with extensive metabolic measurements (47) . All analyses were adjusted for age, BMI, and diabetes status (dichotomized variable) because the men showed a wide variation in their glucose tolerance. Individuals with the AA genotype (rs2144908) had higher rates of basal (3.4 Ϯ 0.2 vs. 2.9 Ϯ 0.05 mg ⅐ kg fat-free mass [FFM] Ϫ1 ⅐ min
Ϫ1
, P ϭ 0.05) and residual (0.9 Ϯ 0.2 vs. 0.3 Ϯ 0.06 mg ⅐ kg FFM Ϫ1 ⅐ min Ϫ1 , P ϭ 0.04) EGP during clamp compared with individuals with the GG/GA genotypes (Fig. 1) . As expected, there was a positive correlation between the basal rate of EGP and the fPG concentration (r ϭ 0.60, P Ͻ 0.0001). No significant difference in insulinstimulated glucose uptake was observed between risk and nonrisk genotype carriers for this SNP (5.7 Ϯ 0.7 vs. 5.6 Ϯ 0.2 mg ⅐ kg FFM Ϫ1 ⅐ min Ϫ1 , P ϭ 0.9). GCK. In the Botnia study, we observed a significant difference in fPG between the different rs1799884 genotypes at the basal visit (GG, 5.55 Ϯ 0.01; GA, 5.60 Ϯ 0.03; AA, 6.1 Ϯ 0.1; P ϭ 0.000003) and a trend toward higher fPG levels with the AA genotype at the last visit (GG, 5.30 Ϯ 0.01; GA, 5.32 Ϯ 0.03; AA, 5.54 Ϯ 0.1; P ϭ 0.09). Individuals with the GA/AA versus GG genotypes showed higher fPG (5.62 Ϯ 0.02 vs. 5.55 Ϯ 0.01, P ϭ 0.008) at the basal visit (online appendix 4). None of the other tested SNPs in the GCK gene influenced glucose concentrations.
The same GCK SNP (rs1799884) influenced fasting glucose concentrations also in the MPP cohort (GG ϭ 5.45 Ϯ 0.005; GA ϭ 5.49 Ϯ 0.008; AA ϭ 5.51 Ϯ 0.03, P ϭ 0.0001). Individuals with GA/AA had higher fPG (5.49 Ϯ 0.008 vs. 5.45 Ϯ 0.005, P ϭ 0.00002) and 2-h glucose (6.49 Ϯ 0.03 vs. 6.41 Ϯ 0.02, P ϭ 0.02) concentrations at baseline than individuals with GG. These subtle differences in fPG remained unchanged during the follow-up period in both the Botnia (P ϭ 0.4; SE 0.004 [95% CI Ϫ0.003-0.007]) and the MPP cohorts (P ϭ 0.1; SE 0.01 [Ϫ0.04 -0.004]).
In addition, SNP rs2244164 and rs1303722 also influenced glucose concentrations in the MPP cohort. Individuals with the rs2244164 TT and CT genotypes (5.47 Ϯ 0.008 vs. 5.45 Ϯ 0.006 vs. 5.44 Ϯ 0.009 mmol/l, P ϭ 0.03) and rs1303722 GG and GA genotypes (5.48 Ϯ 0.008 vs. 5.46 Ϯ 0.006 vs. 5.45 Ϯ 0.009 mmol/l, P ϭ 0.04) had higher fPG than CC and AA carriers.
Despite the significant differences in fasting glucose throughout the follow-up period, none of the tested polymorphisms showed an increased risk for future risk of type 2 diabetes in the combined sample (Table 2) .
HNF-1␤ (TCF2).
None of the SNPs in HNF-1␤ gene significantly influenced future risk of type 2 diabetes nor did they influence metabolic traits (Table 2) .
DISCUSSION
The key findings of the present study were that 1) common variants in the HNF-1␣ and -4␣ genes predicted subsequent type 2 diabetes, 2) individuals with the AA genotype (rs2144908) had elevated rate of EGP, 3) the A allele of rs1799884 (Ϫ30G/A) in GCK was associated with elevated fasting glucose concentrations, which were maintained unchanged throughout the follow-up period but not sufficient to increase risk for future type 2 diabetes, and 4) common variants in the HNF-1␤ gene did not predict future type 2 diabetes.
Common variants in known MODY genes (30, 37) have been inconclusively associated with type 2 diabetes in case-control studies (24, 25, 30, (33) (34) (35) 37) . We extended these findings here to test whether the same SNPs would increase risk of future type 2 diabetes in prospective studies or whether they would influence metabolic traits. HNF-1␣. We have provided compelling evidence that a functional variant in the HNF-1␣ gene (I27L) was associated with an increased future risk of type 2 diabetes. In a previous report on a smaller subgroup from the MPP cohort (n ϭ 4,873), we showed that the I27L variant increased future risk of type 2 diabetes only in obese elderly men (19) . We interpreted this as the inability to increase insulin secretion to meet the increased insulin needs associated with aging and obesity in carriers of the risk genotype (LL) of the polymorphism. In this much larger sample, the risk of future type 2 diabetes was evident in all individuals independent of sex, age, and BMI. The I27L polymorphism thereby seems to increase future risk of type 2 diabetes with an effect size similar to the novel type 2 diabetes genes (6 -9). HNF-4␣. SNPs rs4810424 and rs3212198 in the HNF-4␣ gene showed a modest association with type 2 diabetes in the combined sample (HR 1.3, P ϭ 0.03, and 1.1, P ϭ 0.04). This is in line with findings from some (24, 25) but not all (26 -30) previous studies.
We also explored potential mechanisms by which variation in the gene could lead to type 2 diabetes. Because some of these associated variants are located in the vicinity of the HNF-4␣ ␤-cell-specific P2 promoter, it is possible that they could influence the transcription and regulation of HNF-4␣, which, in turn, could lead to insulin secretion defects. However, we could not demonstrate any deterioration in ␤-cell function in carriers of the P2 promoter SNPs. If anything, there was an increase in insulin concentrations over time in carriers of risk genotypes in HNF-4␣. Whether this reflects an intrinsic defect in islets resulting in increased insulin secretion or is a corollary of increased insulin resistance cannot be answered by the current study.
Interestingly, carriers of the P2 promoter risks genotype showed elevated rate of basal (P ϭ 0.05) and EGP during clamp (P ϭ 0.04). There are many reasons to believe that this finding is real. We had a 72% power to detect a difference of this magnitude in EGP. The elevated rate of EGP was not simply a consequence of more individuals with IGT; in a multivariate analysis including both genotype and glucose tolerance, genotype was an independent predictor of EGP. We most likely increased the likelihood of finding a difference in EGP between different genotype carriers by including individuals with abnormal glucose tolerance, because there is little variation in EGP in individuals with normal glucose tolerance. We do not have sufficient explanation for differences in suppression of EGP between different genotype carriers to specifically explore mechanisms behind this elevation. Although insulin is a potent inhibitor of HGP, differences in insulin concentrations are an unlikely explanation as EGP was estimated at identical insulin concentrations during clamp.
Differences in interaction between HNF-4␣ and the gluconeogenic pathways could be a more plausible explanation.
It is somewhat surprising that variation in the P2 promoter, which is almost exclusively expressed in the pancreas, has an effect on EGP; it should be kept in mind that HNF-4␣ is transcribed from the P2 promoter during development of the mouse liver (51) . Increased rate of gluconeogenesis is a hallmark of type 2 diabetes (52) , and the interaction between HNF-4␣ and PGC-1␣ is crucial for the expression of the gluconeogenic PEPCK and G6Pase genes (22) . However, we cannot exclude that this SNP is in linkage disequilibrium with another SNP, which would influence transcription of the gene in the liver. GCK. The Ϫ30G/A (rs1799884) variant resides in a region of ␤-cell-specific GCK promoter that shows strong homology between humans, mice, and rats (available from the Santa Cruz Genome website [http://genome.ucsc.edu]), suggesting that it is important for the regulation of GCK. In accordance with other studies, this variant was associated with a sustained but modest increase in fasting glucose concentrations (P ϭ 0.4 and 0.1). Despite the higher glucose levels observed with the A allele, we did not observe an increased risk for type 2 diabetes in carriers of this allele, which is in line with results from our wholegenome-wide scan for rs1799884 (P ϭ 0.1). Also and in keeping with some previous observations, the A allele was not associated with impaired insulin secretion (34, 53) . The finding of no effect on risk of future type 2 diabetes contrasts with a previous study (37) . Although this is the largest prospective study to date, the power to detect an increased risk of type 2 diabetes was only 65%. HNF-1␤. A number of studies have investigated a role for common variation in HNF-1␤ with type 2 diabetes in Caucasians with contradicting results (30, 37, 42) . The predominant phenotype of MODY5 patients with mutations in the HNF-1␤ gene is in addition to early-onset diabetes cystic kidney disease and urogenital malformations. None of the subjects included in this study reported any such problems. We investigated previously associated SNPs, but our findings do not support a role for any of these HNF-1␤ SNPs in type 2 diabetes.
Some weaknesses of the study should be emphasized. We did not correct for multiple comparisons, and despite Ͼ15,000 individuals, we only have 65% power to detect an HR of 1.2, suggesting that we might have missed some true positive associations with type 2 diabetes. However, the HNF-1␣ I27L polymorphism served as a positive control, because the previously weak association with type 2 diabetes shown in a subset from this study now became markedly stronger in the larger dataset.
Another caveat could be that we only selected SNPs that had previously been associated with type 2 diabetes in large case-control studies. Although we thereby only covered 12% of the genetic variation in the genes, this is compensated by strong linkage disequilibrium and also by information from imputed whole-genome association studies, which to some extent supported our findings (online appendix 5).
In conclusion, our data show that genetic variation in HNF-1␣ and HNF-4␣ increase future risk of type 2 diabetes. Carriers of the Ϫ30G/A polymorphism in the GCK gene have a sustained increase in fasting glucose concentrations that is not translated into an increased risk of future type 2 diabetes. Genetic variation in HNF-1␤ is not associated with type 2 diabetes in our cohorts. Taken together, the results indicate that common variants in the HNF-1␣ and HNF-4␣ genes are associated with a modestly increased risk of future type 2 diabetes.
